Clozapine is considered a prototype of the 'so-called' atypical antipsychotic drug class. It has affinity for a broad range of receptors and, in comparison to typical antipsychotic drugs, produces less extrapyramidal side effects. However, its mechanism of action remains unclear. Differential display polymerase chain reaction (ddPCR) was implemented in this study to contribute to the current understanding of this mechanism at the genetic level and to identify novel genes regulated by clozapine. This technique generated approximately 2400 gene sequences that were analyzed for differential gene expression following protracted clozapine treatment. One of these sequences, originally termed Clozapine Regulated Gene (CRG), was shown to be significantly upregulated following the treatment. Northern hybridization confirmation of this finding revealed that chronic clozapine administration caused a five-fold increase in CRG mRNA. Elongation of the 5 0 -and 3 0 -ends of CRG indicated that the fragment was in fact rat gliaderived nexin mRNA. Western blotting demonstrated that levels of the mRNA's associated protein also increased comparably (three-fold) following chronic treatment with the antipsychotic drug. This study presents a possible neuroprotective role of nexin in clozapine treatment, particularly in the prevention of neuronal proteolytic degradation, since nexin has been shown to be a protease inhibitor.
INTRODUCTION
Schizophrenia is a debilitating psychiatric disorder that has primarily been treated with dopamine (DA)-D2 receptor antagonists, such as haloperidol. 1 These pharmacological agents, deemed 'typical', are relatively successful at reducing the disease's psychotic or positive symptoms (ie hallucinations, delusions, disorganized speech and disorganized behavior), but are often insufficient at treating its negative symptoms (ie alogia, affective blunting, avolition, anhedonia and attention impairment). 2 Typical antipsychotic drug treatment can also result in extrapyramidal side effects, including tardive dyskinesia, which is characterized by abnormal involuntary movements and is associated with DA-D2 receptor blockage. 3 In contrast, atypical antipsychotic compounds have been shown to reduce both groups of schizophrenic symptoms, while causing less extrapyramidal side effects. 4 Therefore, a better understanding of their mechanism of action may shed light on more optimal pharmacological therapies.
Several theories surrounding the distinguishing features of atypical antipsychotic agents have been proposed. Unlike the typical neuroleptic class that mainly acts at DA-D2 receptors, atypical antipsychotic compounds, such as clozapine, bind DA (D1-D5), serotonin (5HT1A, 5HT2A, 5HT2C, 5HT3, 5HT6, 5HT7), a1-adrenergic, muscarinic cholinergic (M1-M5) and histamine (H1, H3) receptors. 5 Studies have postulated that the therapeutic effects of atypical antipsychotic drugs are attributed to an ability to bind a broad range and combination of these receptors in several brain regions. 6 Another more recent hypothesis suggests that the action of these compounds lies in their rapid dissociation from the DA-D2 receptor, allowing them treat the psychotic symptoms of schizophrenia with few extrapyramidal side effects. 7 Unfortunately, a generally accepted atypical antipsychotic functional definition has yet to be established.
Recent investigations have directed attention towards genetic implications of drug therapy, particularly with respect to schizophrenic treatment. Such studies can provide insight into the mechanistic action of pharmacological agents along with the genetic aspects of diseases they treat. Differential display polymerase chain reaction (ddPCR) is an established scientific tool that can profile the expression of several genes by generating differentially expressed genetic products from mRNA using a combination of primers, reverse transcription and the polymerase chain reaction. 8 This procedure allowed researchers to establish relationships between schizophrenic drug treatment and gene expression, including the association between neuroleptic therapy and the regulation of novel gene fragments. 9 The present study employed this technique to analyze gene expression in the rat striatum following chronic clozapine administration and contribute to the current understanding of atypical antipsychotic drug action at the genetic level.
Clozapine has been chosen for investigation because it was the first antipsychotic agent defined as atypical 10 and remains a benchmark for more recent compounds of this category.
11 Identification of clozapine-mediated genes and establishing their database can increase our comprehension of the molecular and cellular events associated with the administration of atypical antipsychotic drugs. The striatum has been selected for research because of its implications in extrapyramidal side effects of antipsychotic treatment.
Since these adverse consequences are least observed following atypical antipsychotic drug treatment, 4 this study can provide insight into clozapine-regulated genes that function in reducing these side effects. Using ddPCR, we discovered several gene sequences in the rat brain striatum, which were differentially regulated by chronic clozapine treatment. One of these sequences, initially termed clozapine regulated gene (CRG), was significantly upregulated following the treatment and was found to be 100% homologous to rat glia-derived nexin (RGDN) or rat protease nexin 1. Northern blot confirmation of this finding revealed that striatal levels of RGDN mRNA increased approximately five-fold, while immunoblot analysis showed a three-fold increase in RGDN protein in the rat striatum following repeated clozapine exposure. The implications of these results with respect to the advantages of atypical antipsychotic drug treatment will be discussed.
MATERIALS AND METHODS

Animal Treatment
Male Sprague-Dawley rats (Charles River Canada, St. Constant, QC, Canada) were used in this study and handled according to the CCAC guidelines for animal handling. For the ddPCR experiment, nine rats (350-450 g) were divided equally into three groups: haloperidol (n ¼ 3), clozapine (n ¼ 3) and control (n ¼ 3). For the Northern hybridization and immunoblot experiments, 40 rats (350-450 g) were divided equally into four groups: haloperidol (n ¼ 10), clozapine (n ¼ 10) and their respective control groups (n ¼ 10; n ¼ 10). The haloperidol groups received 2 mg/kg of haloperidol (Sigma-Aldrich, Oakville, ON, Canada), the clozapine groups received 30 mg/kg of clozapine (Novartis Pharmaceuticals Canada, Dorval, PQ, Canada) and control groups received sterile saline vehicle at equivalent volume per weight amounts. Rats were administered their respective treatment intraperitoneally between 1000 and 1100 h daily for 28 days. On the last day of treatment, animals were anesthetized with methoxyfluorane and killed by decapitation. Their brains were then removed and placed on ice for dissection of striatal tissues. Dissected tissues were immediately frozen and stored at À801C until further use.
RNA Isolation
Total RNA was isolated from brain tissues using TRIZOL according to the protocol described by the reagent's manufacturer (Invitrogen-Life Technologies, Burlington, ON, Canada). RNA quantity and purity were determined by measuring OD 260 and calculating OD 260 /OD 280 ratios, respectively. RNA integrity was assessed by running samples on an ethidium bromide-stained 1.2% agarose gel and inspecting the resolution and relative intensities of the 18S and 28S bands on the gel. The Oligotex mRNA Mini Kit (Qiagen, Mississauga, ON, Canada) was used to isolated Poly A þ mRNA from total RNA.
Differential Display Polymerase Chain Reaction (ddPCR) ddPCR was conducted using the RNAimage Kit (GenHunter, Nashville, TN, USA) following the manuafacturer's protocol. For each experimental rat group, 1 mg of DNase I-treated striatal total RNA of each rat was reverse transcribed for a total of three reactions per group. Reactions were performed in 20 ml, including 2 ml of the DNase I-treated RNA of interest and one of three oligo dT anchored primers provided in the kit. Subsequently, eight PCR reactions were conducted on each rat's synthesized cDNA using eight arbitrary primers in combination with one of the three oligo dT primers for a total of 24 PCR reactions per experimental group. ddPCR products were separated through electrophoresis on a 6% polyacrylamide sequencing gel (6% 19 : 1 acrylamide/bis-acrylamide prepared in a buffer containing 89.1 mM Tris, pH 8.3, 88.9 mM boric acid, 2.5 mM EDTA, 7 M urea, 0.08% TEMED and 0.02% ammonium persulfate), which was then dried on gel blotting paper using a BioRad gel slab dryer (BioRad, Mississauga, ON, Canada). Following drying, the gel was exposed to Kodak X-Omat AR film (Eastman Kodak Company, Rochester, NY, USA) for 24-72 h at room temperature (B251C). The resulting optical density signals were quantified using NIH Image computer software (http://rsb.info.nih.gov/nih-image/Default.html; National Institutes of Health, Bethesda, MD, USA), as done in previous studies. 13 Differentially expressed bands were excised from the gel and their corresponding ddPCR fragments were recovered through gel solubilization and precipitation. Fragments were then reamplified using the same primers that were used to generate the fragments and the resulting products were separated on a 1.7% agarose gel. Product sizes observed on the gel were compared to those seen in the acrylamide separation. The reamplified ddPCR fragments were ligated directly into the PCR-TRAP vector using the PCR-TRAP Kit (GenHunter, Nashville, TN, USA), as recommended by the RNAimage Kit. Following this reaction, the vector was used to transform competent GH cells, which were subsequently plated onto agar plates containing 20 mg/ml tetracycline. The agar plates were incubated overnight at 371C and then stored at 41C. In all, 10 colonies from each cloning were chosen for plasmid isolation. Overnight cultures (5 ml LB medium þ 10 mg/ml tetracycline) were made from each colony chosen. Plasmid DNA was isolated by Miniprep from four to six replicates, and was subsequently sequenced at MOBIX (McMaster University, Hamilton, ON, Canada). The determined sequences were compared with GenBank sequences using BLAST analysis (http://www.ncbi.nlm.nih. gov/blast/; National Center for Biotechnology Information, Bethesda, MD, USA) to establish DNA identities and homology profiles.
Rapid Amplification of cDNA Ends Polymerase Chain Reaction (RACE-PCR)
Full-length elongation of the novel ddPCR-identified cDNAs was obtained through RACE-PCR using the rat brain Marathon-Ready cDNA kit (BD Biosciences Clontech, Palo Alto, CA, USA). Gene-specific primers designed based on the known sequence of the original cDNA were synthesized at MOBIX. These primers were designed according to the recommendations of the kit. RACE-PCR was then performed using a combination of the gene-specific primers and the kit's supplied adaptor primers. The primers used for 5 0 RACE were positioned closer to the 3 0 end of the ddPCR fragment, while the primers used for 3 0 RACE were positioned closer to the 5 0 end of the ddPCR fragment. This measure was taken to ensure the amplification of the correct gene by comparing the overlapping regions of the ddPCR fragment and the RACE-PCR products.
RACE-PCR products were cloned using the AdvanTAget PCR Cloning Kit (BD Biosciences Clontech, Palo Alto, CA, USA), as suggested by the Marathon-Ready cDNA Kit. Briefly, the PCR products were ligated into the pT-Adv vector for 4 h at 141C in a reaction mixture containing the kit's recommended components. TOP10F' Escherichia coli competent cells were transformed with the ligated DNA and transformed cells were maintained on ice prior to plating. Cells were then plated on LB/X-Gal/IPTG (40 ml each of 40 mg/ml X-Gal in dimethylformamide and 100 mM IPTG) plates containing 50 mg/ml ampicillin. Subsequently, the plates were incubated at 371C for 18 h and stored at 41C. Plasmids were then isolated and exposed to HindIII or EcoRI restriction enzyme digestion. The resulting fragments were run on an ethidium bromide-stained 1.5% agarose gel and isolated with the QIAEX II Gel Extraction Kit (Qiagen, Mississauga, ON Canada). Following isolation, the fragments were sequenced at MOBIX and their sequences were overlapped to determine full-length sequences. These full-length products were compared with GenBank sequences to confirm homology profiles of original ddPCR fragments and to design specific cDNA probes for Northern hybridization confirmation of findings.
Probe Labeling for Northern Hybridization cDNA probe templates were synthesized through PCR using primers designed based on determined full-length sequences of ddPCR fragments. The cDNAs were run on a 1.5% agarose gel and isolated using the QIAEX II Gel Extraction Kit. Probes were then synthesized and labeled using Roche Applied Science's Random Primed DNA Labeling Kit (Laval, PQ, Canada). Briefly, 25 ng of DNA was denatured at 951C for 5 min and added to a 20 ml reaction containing 2 ml of 10 Â reaction mixture, 1 ml of each 0.5 mM nonradiolabeled dNTP (ie dATP, dTTP, dGTP), 50 mCi of [a-32 P]dCTP, 3000 Ci/ mmol and 2 U of Klenow Enzyme. The reaction was carried out at 371C for B30 min and terminated by the addition of 2 ml of 0.2 M EDTA (pH 8.0). Unincorporated nucleotides were removed by elution of the sample through Sephadex G-50 Quick Spin Columns (Roche Applied Science, Laval, PQ, Canada). Only probes with a specific activity X1 Â 10 8 cpm/mg were used for Northern hybridization.
Northern Hybridization
For each sample, 1.0 mg mRNA was separated on a 1% agarose gel for 2-3 h at 60 V. Following electrophoresis, the mRNA was transferred to a nylon membrane by capillary action overnight and fixed to the blot by baking at 801C for 2 h. Northern hybridization was performed using ExpressHyb solution following the procedure described by the solution's manufacturer (Clontech, Palo Alto, CA, USA). Prior to probe hybridization, blots were incubated with ExpressHyb solution alone for 30 min at 681C. Blots were then exposed to denatured radiolabeled cDNA probes (refer to previous section) diluted in the solution at a concentration of 1-2 Â 10 6 cpm/ml for 1 h at 681C. Following several 30 min low-stringency washes at 421C, blots were wrapped in plastic and exposed to Kodak X-OMAT AR film at À801C for 24-72 h. The resulting optical density signals were quantified using NIH Image computer software, as described earlier. All pre-hybridization and hybridization steps were conducted in a Hybaid Micro 4 hybridization chamber (Hybaid, Teddington, Middlesex, UK), where blots were rotated continuously with their appropriate solutions in roller bottles. In addition, b-actin levels were used to ensure equal loading of RNA samples and to normalize the optical density signals of different samples on the same blot before analyses.
Immunoblotting
Immunoblotting was performed to assess RGDN protein expression. Rat striatal tissues were homogenized in 50 mM Tris, 1 mM EDTA, pH 7.4, using a hand-held glass dounce homogenizer. Protein concentrations of homogenates were estimated using BioRad Protein Assay Reagent (BioRad, Mississauga, ON, Canada), following the procedure described by the reagent's manufacturer. Homogenates were stored at À801C until further use. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate proteins. Protein samples were centrifuged at a maximum speed for 2 min, resuspended in 30 ml of SDS-PAGE gel-loading buffer (62.5 mM Tris-HCl, pH 6.8; 10% glycerol; 2% SDS; 5% 2-bmercaptoethanol; 0.00125% bromophenol blue) and boiled for 4 min prior to loading. Proteins were separated through 4% stacking gel, followed by 12% separating gel at 175 V for 1 h. Following SDS-PAGE, protein was transferred to nitrocellulose using a Novex XCell II Blot Module (Invitrogen, Burlington, ON, Canada) at 30 V for 2 h. The transfer buffer contained 12 mM Tris-HCl, 96 mM glycine and 10% methanol. The nitrocellulose was then blocked for 1 h with TBS-T buffer (10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.05% Tween s 20) containing 5% skim milk powder. Subsequently, nitrocellulose membranes were incubated with the primary antibodies (rabbit anti-rat RGDN or mouse anti-rat b-actin) on an orbital shaker at 41C overnight, and then exposed to three 5-15 min TBS-T washes at room temperature. The rabbit anti-rat RGDN sera were generated as previously described, 14 while mouse anti-rat b-actin was purchased from Novus Biologicals, Littleton, CO, USA. RGDN and b-actin primary antibodies were used at dilutions of 1 : 1000 and 1 : 7500, respectively. The nitrocellulose membranes were then incubated with the secondary antibody for 1 h at room temperature on an orbital shaker and then exposed to three TBS-T washes at room temperature. Following washes, the blots were incubated with secondary antibodies for 2 h at room temperature. Secondary antibodies for RGDN and b-actin experiments were peroxidaseconjugated anti-rabbit IgG (1 : 7500 dilution) (Amersham Biosciences, Baie d'Urfé, PQ, Canada) and peroxidaseconjugated goat anti-mouse IgG (1 : 2000 dilution) (Oncogene Research Products, San Diego, CA, USA), respectively. Subsequent detection was accomplished through the enzymatic chemiluminescence (ECL) method (Amersham Biosciences) and blot exposure to Kodak X-OMAT AR film. The resulting optical density signals were quantified using NIH Image computer software, as described earlier. b-Actin levels were used to ensure equal loading of protein samples and to normalize the optical density signals of different samples on the same blot before analyses.
Statistical Analysis
Relative b-actin-normalized mRNA and protein levels of drug-treated groups and their respective control groups were analyzed with the Student's t-test (two-tailed) using GraphPad Prism software (GraphPad Software, San Diego, CA, USA). Data are presented as the relative mean optical densities7SEM (Standard Error of the Mean). Control mean optical densities were set to 100%. Differences were defined as significant at Pr0.05.
RESULTS
ddPCR reveals differential gene expression in the rat striatum following chronic clozapine treatment ddPCR analysis revealed differential expression of several fragments among the experimental groups, but only one Table 1 Table of product demonstrated consistent expression change. This fragment was found to be upregulated in the striatal tissues of the clozapine group relative to those of the other experimental groups and was termed CRG (Figure 1) . CRG was isolated from ddPCR sequencing gels, amplified by PCR, purified by agarose gel electrophoresis and cloned into the PCR-TRAP cloning system. The cDNA clone was sequenced at the MOBIX facility (McMaster University, Hamilton, ON, Canada) and compared with GenBank sequences through BLAST analysis. The fragment (AAGCTTCTCAACGGTGA TGCGATACAATGTGAACGGAGTCGGAAAAGTGTGAAGAA GATCAACAAGGCTATTGTCTCCAAAAAAAAAAAGCTT, plus strand 5 0 -3 0 ) possessed significant homology (99-100%) to a region near the 5 0 end of rat glia-derived nexin mRNA (GenBank #M17784) sequence contained in GenBank. This mRNA contained a poly A-rich region (nucleotides 304-315 of RGDN mRNA) that served as the target for priming the initial ddPCR reaction, which produced a ddPCR fragment corresponding to a region (nucleotides 230-308 of RGDN) distal to the 3 0 end of the nexin mRNA (refer to Figure 2 ).
RACE-PCR reveals significant homology between rat glia-derived nexin mRNA and clozapine-upregulated CRG Elongation of CRG by RACE-PCR was performed to confirm its identity and design a specific probe for Northern hybridization confirmation of the finding. Gene-specific primers were synthesized at MOBIX and designed so that the cDNA could be extended in both the 5 0 and 3 0 directions. Initial and nested gene specific primers for the 5 0 and 3 0 RACE reactions were designed near the 3 0 and 5 0 ends of the cDNA, respectively (Table 1) , producing RACE-PCR products with overlapping regions containing the sequence of the initial ddPCR fragment. The 5 0 -RACE PCR reaction produced a product of E270 bp, while the 3 0 -RACE product was E530 bp. These results indicated that CRG was located at the 5 0 end of the full-length cDNA. Figure 2 provides BLAST comparison of the identity of the combined RACE-PCR sequences to the rat, mouse and human GenBank sequences most homologous with the amalgamated sequence. The identity of the combined RACE-PCR sequences was approximately 100% (Identities ¼ 910/911; Gaps ¼ 1/ 911), 92% (Identities ¼ 838/911; Gaps ¼ 1/911) and 82% (Identities ¼ 747/911; Gaps ¼ 1/911), homologous with rat glia-derived nexin mRNA (GenBank #M17784), Mus musculus serine (or cysteine) proteinase inhibitor (clade E, member 2) mRNA (GenBank #BC010675) and Homo sapiens serine (or cysteine) proteinase inhibitor (clade E (nexin, plasminogen activator inhibitor type 1), member 2 (SERPINE2)) mRNA (GenBank #NM_006216), respectively. A singlenucleotide gap following position 440 of the combined RACE-PCR nucleotide sequence was observed in each sequence comparison. Figure 3 shows an open reading frame analysis of the combined RACE-PCR sequence, which was 100% homologous with rat glia-derived nexin mRNA (GenBank #M17784). A potential initiation codon (ATG) was found at 1 bp. The putative amino-acid sequence derived from elongated CRG is also provided in Figure 3 . The translation product is 147 amino acids in length (Figure 3a) . However, since BLAST analysis revealed a gap in the amalgamated RACE-PCR nucleotide sequence analysis, a putative Figure 2 Multiple sequence alignment of CRG cDNA with its most homologous rat, mouse and human gene sequences in GenBank. The sequence identities between CRG and M17784, BC010675 and NM_006216 are 100, 92 and 82%, respectively (M17784 ¼ rat gliaderived nexin (GDN) mRNA, 5 0 end; BC010675 ¼ Mus musculus serine (or cysteine) proteinase inhibitor, clade E, member 2, mRNA; NM_006216 ¼ Homo sapiens serine (or cysteine) proteinase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 2(SERPINE2), mRNA). Gaps are indicated by dashes (À).
amino-acid sequence was also determined from the combined nucleotide sequence including the gap. The translation product of the gap-containing sequence is 397 amino acids (Figure 3b) . Figure 4 is an analysis of the rat, mouse and human amino-acid sequences in GenBank, showing the greatest homology with the translation product of the non-gap-containing (Figure 4a ) and gap-containing (Figure 4b ) CRG nucleotide sequences.
Rat glia-derived nexin precursor (protease nexin I) (GenBank #P070921), Mus musculus serine protease inhibitor 4 (protease nexin 1, serine (or cysteine) proteinase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 2) (GenBank #NP_033281) and Homo sapiens plasminogen activator inhibitor type 1, member 2 I) ; glial-derived nexin 1; glial-derived neurite promoting factor) (GenBank #NP_006207), respectively. In summary, the ddPCR cDNA is most homologous with the nucleotide sequence of rat glia-derived nexin protein, and the putative translation product associated with the cDNA is 100% homologous with rat glia-derived nexin precursor protein.
Northern hybridization confirms that chronic clozapine treatment increases striatal RGDN mRNA levels RGDN and corresponding b-actin mRNA levels of control and clozapine-treated samples are shown in Figure 5a . Striatal RGDN mRNA significantly increased by 381.4714.5% (*Po0.0001) following clozapine administration. However, no significant differences in striatal RGDN mRNA levels were observed between control and haloperidol-treated groups (Figure 5b ). The drug-treated groups and their respective control groups did not show differences in striatal b-actin mRNA levels. Immunoblotting reveals that chronic clozapine treatment increases corresponding striatal RGDN protein levels RGDN and corresponding b-actin protein levels of control and clozapine-treated samples are shown in Figure 6a . Striatal RGDN protein significantly increased by 186.277.91% (*Po0.0001) following clozapine treatment. However, no significant differences in striatal RGDN protein levels were observed between control and haloperidoltreated groups (Figure 6b ). The drug-treated groups and their respective control groups did not show differences in striatal b-actin protein levels.
DISCUSSION
Through the use of ddPCR, this study discovered several gene sequences regulated by chronic clozapine treatment. One of these sequences was found to be upregulated following repeated exposure to the drug, and RACE-PCR extension of this sequence in both 5 0 and 3 0 directions generated a cDNA 926 nucleotides in length. Since sequence analysis of this cDNA revealed a 100% homology with RGDN mRNA and open reading frame analysis of the cDNA's sequence revealed a putative translation product 100% homologous with RGDN protein, we hypothesized that the discovered clozapine-regulated ddPCR fragment represents this protein's transcript. In addition, Northern hybridization and immunoblotting showed that both mRNA and protein levels of RGDN increased significantly following chronic treatment with the atypical antipsychotic drug, confirming the ddPCR finding of clozapine-regulated RGDN expression. The difference in the extent of clozapineinduced RGDN upregulation between Northern blot and immunoblot studies (ie five-fold vs three-fold) may be due to factors associated with RGDN mRNA stability or translation efficiency. In addition, increased expression of RGDN may be an effect specific to chronic clozapine administration, as no significant change in RGDN's expression was observed following protracted haloperidol treatment.
RGDN is predominantly present in the brain and is highly concentrated in the striatum. 15 It is a potent protease inhibitor 16 binding specific serine proteases in the extracellular environment. The resulting RGDN-protease complexes are subsequently internalized and degraded, which regulates and removes various extracellular proteases. 15, 17 Since increased serine protease activity has been associated with the pathophysiology of schizophrenia, 18 our findings suggest that clozapine may elicit its therapeutic effects in part by increasing RGDN expression. Furthermore, serine proteases can cause neuronal damage and aberrant synapse development upon activation. 19 Chronic antipsychotic drug treatment may stimulate such serine proteases and therefore cause these effects, which can lead to the development of extrapyramidal side effects, including tardive dyskinesia. 20, 21 In fact, long-term treatment with the typical antipsychotic drug, haloperidol, has been shown to increase the activity of certain serine protease-like endopeptidases in various brain regions. 22, 23 Clozapine's ability to upregulate RGDN may reduce levels of such protein degradation enzymes and serve in neuronal protection and promotion of synapse integrity, resulting in fewer antipsychotic druginduced motor dysfunctions during clozapine treatment. Therefore, the observed clozapine-induced increase in RGDN expression may explain why fewer of these negative consequences are seen in clozapine treatment than in haloperidol treatment, 24 which had no significant effects on RGDN expression changes in our study. Furthermore, the fact that receptor binding is achieved in hours 25 whereas therapeutic effects require months 26 raises the possibility that gene expression processes such as we have found may be the mechanism of antipsychotic activity. The question of whether other atypical antipsychotic drugs, such as olanzapine and quitepane, can activate serine protease inhibitors clearly calls for investigation.
